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This paper focuses on understanding the dynamic response problem of flexible wrapped reinforced Earth slope under the coupling
effect of earthquake and rainfall; a numerical calculation model of reinforced Earth slope considering the coupling effect of
earthquake and rainfall was established. The dynamic response, pore pressure, and tensile stress distribution of the reinforcement
under the rainfall before earthquake, the rainfall after the earthquake, and earthquake-rainfall are studied. The results show that
the coupling effect of earthquake and rainfall is an influential factor in the dynamic analysis of reinforced Earth slopes, the analysis
of which should be paid attention to and researched in the future. The combination of geogrid and soil effectively improves the
deformation of the slope and the overall stability, reduces the secondary disaster of the slope, and provides a reference for the
seismic construction design of the reinforced Earth slope.

1. Introduction

Slope instability is one of the most common geological
disasters in geotechnical engineering. In order to improve
the stability of it, many reinforcement methods have been
developed including anchors [1-3], soil nailed walls [4-7],
and reinforced materials [8-10]. For example, Zhang et al.
studied the failure behavior and mechanism of reinforced
slopes using soil nail wall under various loading conditions.
In this study, a series of centrifuge model tests were con-
ducted on slopes reinforced with a soil nail wall under three
types of loading conditions. Test results showed that the soil
nailing significantly reduced the deformation of the slope
and accordingly delayed the occurrence of the deformation
localization [11]. Ling et al. analyzed both static and dynamic
characteristics of the reinforced Earth retaining wall. In the
centrifugal shaking table tests, the responses of the walls
subject to 20 cycles of a sinusoidal wave having a frequency
of 2Hz and acceleration amplitude of 0.2 g are compared
with the results of the analysis. The acceleration in the
backfill, strain in the geogrid layers, and facing deformation

are computed and compared to the test results. The com-
parison of numerical and experimental results showed that
the finite element procedure was able to simulate the con-
struction behavior as well as dynamic behavior favorably.
The results of analyses confirmed that the length and spacing
of reinforcement played an important role in minimizing
wall deformations and strains in the reinforcements [9]. The
geogrid, another kind of light-weight supporting compo-
nent, has become more and more popular in slope rein-
forcement due to its excellent performance in the seismic
resistance and the advantage of land-saving [12]. Raw
materials currently used to fabricate the geogrids include
high-density polyethylene, polypropylene, and glass fiber
[13-15]. These materials are readily available, and they are
harmless to the environment and cheap, making the geo-
grids eco-friendly and cost-saving [16]. Along with the rapid
development of infrastructure construction, especially in a
developing country, the geogrids are playing a more and
more critical role in enhancing embankment stability,
subgrade bearing capacity, and durability. For example,
during the widening process of Zhengshang Road
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(Zhengzhou, China) in 2005, the geogrids were made of
high-density polyethylene, which were used for stabilizing
the retaining wall and abutment [17]. Another case of the use
of geogrids supporting is in reinforcing the Earth road
shoulder walls of Chuda No. 1 highway in Yunnan City,
China, in 1996, where geogrids made of glass fiber were
installed [18]. Besides, in Italy Al road, geogrids were used
for both the base and slope reinforcement [19].

In order to arrange reinforcements more reasonably, the
mechanical behavior of the geogrids-reinforced Earth slopes
under different geological conditions should be fully un-
derstood. Previous studies have pointed out that the in-
stability disasters of slope are usually caused by the weak
strength of soil, the overweight of surface soil masses, and
the harsh natural environment of earthquake and rainfall
[20-25]. Therefore, many studies have been carried out on
the mechanical behavior of the geogrids-reinforced Earth
slope under different geological conditions [26]. For in-
stance, through shaking table test, Ramakrishnan et al.
studied the accelerations, displacement of wrapped rein-
forced Earth slope, and geotextile-reinforced segmental
retaining walls under the seismic loading, and the results
have shown that these walls can sustain significant accel-
eration before lateral movement occurs [27]. The segmental
retaining wall was found to sustain approximately two times
the critical acceleration of the wrap-faced wall. Geotextile-
reinforced walls may perform adequately for moderate-to-
strong earthquakes (acceleration<0.5g). In another study,
the influences of reinforcement length, reinforcement
spacing, soil density, and reinforcement stiffness on the
wrapped reinforced soil slope under seismic loading were
further investigated [12]. It can be concluded from the re-
sults in [12] that reinforcement stiffness is a key parameter
dominating the seismic response and deformation mode of a
wall, and not reinforcement ultimate tensile strength. Latha
et al. focused on understanding the seismic response of
geosynthetic-reinforced retaining walls through shaking
table tests on models of the modular block and rigid faced
reinforced retaining walls. The result was that vertical de-
formations of the rigid faced walls were not affected by the
type of reinforcement. Increasing the quantity of rein-
forcement resulted in a decrease of settlements for all the
model tests. With the inclusion of 3 layers of geogrid, the
vertical deformations were reduced by about 60% in both
rigid faced and modular block walls [28].

On the other hand, the influences of rainfall on the
mechanical behavior of reinforced Earth slope have also
been investigated. Based on the theory of unsaturated
seepage, this work researched the effects of rainfall infil-
tration on the pore pressure and saturation of the widened
embankment, the influence of geogrid reinforcement, and
packing permeability coeflicient on the stability of the
embankment. The results show that the safety factor of
widening embankment is obviously reduced when consid-
ering the influence of rainfall [29]. Geogrid reinforcement
can effectively reduce the influence of rainfall infiltration on
the stability of widening embankment. Based on the effective
stress principle of porous media, a fluid-structural inter-
action numerical model of stepped reinforced Earth
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retaining wall under rainfall condition is established, which
simulates the velocity distribution in the wall, the pore
pressure, and the development of plastic zone. The results
show that the change of pore pressure in the wall leads to soil
settlement under rainfall, and the change of pore pressure
affects effective stress, which in turn affects the shear
strength of reinforced Earth structure [30, 31].

These findings have worked as a base for the plan and
design of geogrids reinforcement. The combination of
earthquake and rainfall is possible [32, 33], especially in
southwestern China. Slope is one of the important structures
in geotechnical engineering. With the increasing of con-
struction projects in mountainous areas, landslides caused
by natural disasters such as earthquakes and rainfall have
caused huge economic losses and casualties to the con-
struction and operation of water conservancy, electricity,
and transportation projects. In this context, the wrapped
reinforced Earth slope has a good application prospect in
highway, railway, water conservancy, and other fields be-
cause of its simple construction, good earthquake resistance,
strong adaptability, beautiful appearance and environmental
protection, and good economic effect. However, its working
performance is more complicated; in particular the stability
of the flexible wrapped reinforced Earth slopes under the
coupling effect of earthquake and rainfall is not clear.
Therefore, in order to popularize this technology in engi-
neering, it is necessary to study the coupling of earthquake
and rainfall. In view of this, this paper intends to study the
mechanical behavior of the wrapped reinforced Earth slope
under the coupling effect of earthquake and rainfall and
reflects the superiority of the wrapped reinforced Earth
slope. Stress, displacement, and pore pressure of the rein-
forced slope under the coeffect of earthquake and rainfall
were analyzed. Systematic research on seepage and defor-
mation of reinforced Earth slope is not only a necessary
condition for the sustainable development of reinforced
Earth slope antiseepage theory but also an important basis
for the safe operation of reinforced Earth slope.

2. Simulation Models and
Simulation Procedure

When the reinforced Earth slope is affected by earthquake
and rainfall, the stress field and seepage field are not in-
dependent. There is a certain head difference in the medium
of the seepage field, the pore water will naturally generate
seepage movement under the pressure, and the seepage
volume force as external load will be generated. The gen-
eration of seepage volume force will inevitably affect the
stress balance in the original reinforced earth slope, and then
the soil medium displacement and the movement of soil
particles will be changed. The void ratio and porosity of the
soil must be changed. Because the void ratio and porosity
have a certain relationship with the permeability coefficient,
the change of void ratio and porosity will also affect the
change of the permeability coefficient, and then the seepage
field of the soil medium will be changed until it reaches a
stable equilibrium state. Therefore, the stress field and
seepage field in the reinforced earth slope work together and
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affect each other to form a whole system. This interaction is
the coupling relationship [34]. The coupled analysis of the
stress field and seepage field of reinforced earth slope is
receiving more and more attention in geotechnical engi-
neering. Under the coupling effect, the deformation field,
stress field, and pore water pressure of the reinforced Earth
slope change more closely to the actual engineering.

2.1. Influence of Stress Field on Seepage Field. As mentioned
above, the seepage volume force will affect the original stress
field balance of the reinforced Earth slope and change the
displacement of the soil medium. The movement of soil
particles will inevitably change the porosity and void ratio,
so the permeability coefficient of the medium will also be
changed. The effect of the stress field on the seepage field
essentially changes the pores and affects the permeability
characteristics of the soil structure.
According to Darcy’s Law,
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where k, denotes permeability; y denotes absolute viscosity
of water; v denotes coeflicient of viscosity; p denotes density;
g denotes gravity; y,, denotes volumetric weight of water.

According to equation (1), there are two main factors
that affect the soil permeability: one is the fluid properties of
the soil, which are represented by y,,/u, and the other is the
skeleton properties of the soil represented by the perme-
ability k,. The factors that affect the performance index of
soil skeleton include specific surface area, particle size,
shape, and porosity. Among these factors, the porosity has
the greatest influence on the permeability.

The application and experiments in practical engineering
show that the permeability coefficient or permeability of soil
can be expressed as a function of porosity or void ratio.

The calculation equation of the permeability coeflicient
of sandy soil is as follows:
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and the calculation equation of the permeability coefficient
of normally consolidated cohesive soil is as follows:
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where Dj, denotes 10% effective particle size; C,, denotes
coeflicient of uniformity; C,, Cs, and m are constants.
When the displacement field and stress field of a slope
are changed, the void ratio e and porosity n will change, and
the permeability coefficient will be changed, so the seepage
field should be recalculated. A function of the stress state ;;
can be used to represent the permeability coefficient k:

k=k(o;). (4)

From the above analysis, the mechanism of the effect of
the stress field on the seepage field causes the change of the
volumetric strain of the soil to affect the change of the

:C =
1+e

permeability coefficient of the soil, thereby affecting the
distribution of the seepage field.

2.2. Influence of Seepage Field on Stress Field. In the analysis
and calculation of reinforced Earth slopes, the seepage is
based on the seepage surface force and the seepage volume
force as external loads in the soil medium, which changes the
stress field of the reinforced earth slope and further changes
the displacement field. Assuming that the head distribution
of the homogeneous reinforced Earth slope is H (x, , z), the
seepage water pressure P is

P=y(H-z), (5)
where y denotes volumetric weight; z denotes elevation head.

The volume force of seepage f in the seepage range is
expressed as equation (7):
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where f, denotes component of seepage volume force in x-
direction; f, denotes component of seepage volume force in
y-direction; f, denotes component of seepage volume force
in z-direction.

From the above analysis, it can be seen that the seepage
volume force in the seepage field as the external load
changes the stress field distribution of the reinforced
Earth slope, which also affects the distribution of the
displacement field.

2.3. Coupled Analysis of Stress Field and Seepage Field.
The basic differential equation of the couple of the stress field
and the seepage field is as follows:
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where 0,,0,,0,,7,,,T,,, T, denote components of ef-
fective stress on x-axis, y-axis, and z-axis. p denotes pore
pressure.

According to geometric equation (9) and physical
equation (10), three displacement components can represent
six stress components:
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By substituting equations (9) and (10) into (8) and
combining the seepage continuity equation, pore pressure
and stress components can be solved.

2.4. Computing Model. The three-dimensional finite dif-
ference program FLAC3D was incorporated here to study
the stability of reinforced earth slope. In this paper, the
Mohr-Coulomb model is selected. Both static and dynamic
calculations adopt the Mohr-Coulomb model. The principle
of FLAC3D is to solve the dynamic equation. From the
algorithm level, the algorithm principle is to solve the
equation of motion. The application of Mohr-Coulomb
model in soil mechanics can give a more reasonable solution,
and the infinite slope model is used to assess the occurrence
of landslide due to a prescribed rainfall [35, 36]. It is a
commonly used method to study geological engineering
related issues. The model is selected based on the typical
widened embankment section of the Wuyi Expressway in
Yunnan. Figure 1(a) presents the model simulating the slope
enhanced by geogrid. The model includes three parts: the
slope, the foundation, and the free filed boundaries. The
simulation is divided into 700 zones and 1025 grid points.
Both the slope soil and foundation soil are the clay, common
soil type in the slope engineering in southwest China
[37, 38], and the mechanical properties are presented in
Table 1. These parameters were obtained through the geo-
technical tests on-site under the temperature of 17°C and
relative humidity of 68%. The tested specimens were pre-
pared according to the requirement in the specification of
soil test (SL237-1999) [39]. In order to simulate the influ-
ences of rainfall, in this study, the surface of the reinforced
slope is defined as the boundaries, whereas both the bottom
and the periphery of the model are impervious [40].

The slope angle is 53°, and both its height and width are 4 m
(Figure 1(a) the model simulating the slope enhanced by
geogrids and (b) its geometry size; layouts of (c) the embedded
geogrids; and (d) the measuring points that monitor the dis-
placement of the slope). The size of the model in the x-direction
is 7m. For the geogrid enhanced slope, the diagram of the
embedded geogrids is shown in Figure 1(b) and more details
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are presented in Figure 1(c). There are 13 layers of wrapped
geogrids with a length of 3 m and a reinforced spacing of 0.3 m.
The geogrid unit in the model is simulated by the geogrid
structure in the FLAC3D program [41, 42]. The physical and
mechanical properties of the geogrid component material
(Table 2) were obtained according to the results of the geogrid
tensile test and the direct shear test of the reinforced soil in-
terface and refer to the relevant literature and actual engi-
neering situation. The specific values are shown in Table 2.

During the simulation, the internal stress, displacement,
and pore pressure of different regions in the slope soil were
monitored, and the exact layout of the displacement
monitoring points is shown in Figure 1(d). In actual engi-
neering, the geogrids-enhanced slopes are built layer by layer
[43]. Thus, 0.5m is reserved as the returning section after
each layer of edging. Two layers of geogrid are built in the
numerical model, and a layer of geogrid is inserted into the
vertical plane between the two layers to simplify the sim-
ulated wrapped reinforced Earth slope.

During the simulation, the load was applied in the form of a
wave and then the table command is used to realize the ap-
plication of seismic load, respectively, which are used to sim-
ulate the earthquake. By setting the seepage boundary of nodes
to simulate rainfall, the simulation process lasts for 8 hours.

3. Results and Discussion

Three different loading conditions were considered in this
study:

(i) Situation-I: rainfall before earthquake.
(ii) Situation-II: rainfall after earthquake.

(iii) Situation-III: earthquake and rainfall.

3.1. Stress Field. Figure 2 shows an image of the maximum
principal stress filed of slope. It can be seen that the slope
stress gradually increases from top to bottom under the three
loading conditions. The tension area appears on the surface
and the top of the reinforced Earth slope. Because the slope
tends to decline under the action of earthquake and rainfall,
regardless of rainfall before earthquake or the simulta-
neousness of earthquake and rainfall, reinforced Earth slope
shows the tensile stress state. The maximum compressive
stress is 163kPa and 159 kPa, and the maximum tensile
stress is 0.20kPa and 0.44 kPa. However, in the case of
rainfall after earthquake, there is no tensile stress area. The
reinforced Earth slope is more unstable in the cases of
rainfall before earthquake and the simultaneousness of
earthquake and rainfall, and the stress state is gradually
transformed from compressive stress to tensile stress. The
maximum compressive stress is at the bottom of the bedrock
under the three loading conditions (Figure 3).

Figure 4 presents the minimum principal stress of
reinforced Earth slope under the three loading conditions.
From the graph, it can be seen that the compressive stress
increases gradually from top to bottom. The maximum
compressive stress is at the bottom bedrock, but there is
no tensile stress area.
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FIGURE 1: (a) The model simulating the slope enhanced by geogrids and (b) its geometry size; layouts of (c) the embedded geogrids and (d)

the measuring points that monitor the displacement of the slope.

TaBLE 1: Physical and mechanical properties of soil in the simulation model.

Properties
Soil
Volumetric weight, y (kN/m3) Elastic modulus, E (GPa) Poisson’s ratio, 4 Cohesion, ¢ (kPa) Friction angle, ¢ (*)
Slope soil 20.2 10 0.2 38 21.4
Foundation soil 19.0 10.7 0.3 40 26
TaBLE 2: Parameters of geogrid.
Properties
Thickness, (m) Volumetric weight, y (kN/m?) Elastic modulus, E (GPa) Poisson’s ratio, u Cohesion, ¢ (kPa) Friction angle, ¢ (°)
Geogrid 1.8e-3 10 0.33 2.3 30

3.2. Displacement. 1t can be seen from Figure 5 that the
maximum displacement in the case of rainfall before
earthquake is 2.53 cm. The maximum displacement in the
case of rainfall after earthquake is 2.45cm, and the
maximum displacement in the case of simultaneousness
of earthquake and rainfall is 4.52 cm. It can also be seen
from Figure 6 that when the earthquake and rainfall act
simultaneously, the stability of the reinforced soil slope
is the lowest, followed by the rainfall before the
earthquake.

Figures 7 and 8 present the contrast curves of horizontal
displacement and vertical displacement between reinforced
earth slope and natural slope. The maximum settlement
occurs at the top of the slope under the coupling effect of

earthquake and rainfall. It is about 4.12 cm. With the ad-
dition of geogrids, the settlement at the top of the slope was
reduced to 1.48 cm, which was decreased by about 64.1%. It
can be seen that the horizontal displacement increases
gradually from the bottom to the top along the slope height,
but the maximum horizontal displacement occurs at a height
of 7m on the slope. After the geogrid is applied, the slope
displacement is reduced by nearly 3 cm, which indicates that
geogrid is used to reinforce the slope as a whole.

Figure 9 shows the displacement time curve of different
monitoring points under the coupling effect of earthquake and
rainfall in the most unstable condition. Figure 1(d) is the
monitoring point layout. From the horizontal displacement time
history curves of different monitoring points, it can be seen that
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FIGURE 2: Peak principal stress of reinforced Earth slope. (a) Situation-I. (b) Situation-II. (c) Situation-III (unit: Pa).
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FIGure 3: Distribution of Earth pressure.
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FIGURE 4: Minimum principal stress of reinforced Earth slope. (a) Situation-I. (b) Situation-II. (c) Situation-III (unit: Pa).

the displacement law is similar to the loaded seismic wave time
history curve, and each height displacement time history curve
has a consistent wave form. The moment when the maximum
displacement of the slope top monitoring point occurs slightly
lags behind the maximum displacement of the slope toe. Because
the seismic wave propagates upward, the top response is delayed,
which is consistent with the seismic wave applied at the bottom.

From the results of the distribution of 1-4 points along the slope,
it can be seen that the peak displacement in the middle of the
slope is the largest, and, with the decrease of the slope height, the
peak displacement first increases and then decreases. The
horizontal displacement changes at 5-12 points of the moni-
toring points inside the slope also reflecting similar laws. It can
be inferred from Figure 9 that the lateral displacement of the
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FiGgure 5: Total displacement of reinforced Earth slope. (a) Situation-I. (b) Situation-II. (c) Situation-III (unit: m).
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FiGure 7: Horizontal displacement of slope.

slope is the largest, and the large deformation of the slope causes
the first crack. The serious situation leads to the secondary
disaster of the landslide.

3.3. Shear Strain Increment. Figure 10 shows the incremental
strain distribution at different loading conditions. It can be seen
from Figure 10 that the shear strain increment is the largest
under the simultaneous action of earthquake and rainfall. The
maximum shear strain appears in the middle and lower parts of
the reinforced earth slope. This is the most dangerous location
for the reinforced earth slope. The slope will slide from there,
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D, (m)
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-0.04

-0.05

0 2 4 6 8 10
Height (m)

—e— Geogrid
—A— Geogrid-free

FIGURE 8: Vertical displacement of slope.

and the shear strain increment will gradually develop upward
and downward along the maximum area. Finally, a cambered
surface is formed from the toes to the top of the slope. This area
is the most vulnerable to shear failure, and it is also the most
dangerous sliding surface of the reinforced earth slope.

3.4. Pore Pressure. The pore pressure value decreases first
and then increases from the top to the bottom of the slope.
The top of the slope firstly contacts rainwater during the
rainfall, and the upper rainwater continuously infiltrates into
the slope. However, the dynamic load increases the pore
pressure of slope. It can be seen from Figure 11 that the lower
part of the slope is gradually saturated, and the upper part is
in an unsaturated state. The pore water pressure of the lower
soil is higher than that of the upper soil.

3.5. Tensile Stress of Geogrid. The action mechanism of the
reinforced earth slopes is mainly the friction between the
reinforcement and the soil, the restriction of the grid holes
on the soil, and the resistance of the grid ribs. In short, it is
the interaction between the reinforcement and the soil. All
three forms can restrain the lateral displacement of soil
particles, thereby increasing soil stability. Reinforcement is
an important part of the reinforced earth slope, and its
mechanical characteristics are obviously the emphasis of
research. As shown in Figure 12, the tensile stress of the
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FIGURE 10: Peak shear strain increment of reinforced earth slope. (a) Situation-I. (b) Situation-II. (c) Situation-III (unit: Pa).
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FiGuUre 11: Pore pressure of reinforced earth slope. (a) Situation-I. (b) Situation-IL. (c) Situation-IIT (unit: Pa).
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FIGURE 12: Peak principal stress of geogrid. (a) Situation-I. (b) Situation-IL (c) Situation-III (unit: Pa).
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FIGURE 13: Relationship between the peak tensile stress of rein-
forced materials and the height of reinforced earth slope.

geogrid first increases and then decreases with the increases
of height, and an elliptical high-stress zone is formed in the
section of the slope. The peak principal stress of the geogrid
is the largest under the coupling effect of earthquake and
rainfall, followed by the rainfall before earthquake. Figure 13
is the relationship between the axial tensile stress of the
geogrid (peak T,) and the slope height. According to the
variation law of the curve, the axial stress of the rein-
forcement first increases and then decreases from the bot-
tom to the top of the geogrid, and the peak value appears in
the middle of the reinforcement. The horizontal axial tensile
stress distribution of the geogrid is characterized by “large in
the middle and small in both ends.”

Through numerical simulation, the distribution of stress
field, displacement field, shear strain increment, pore
pressure, and tensile stress of reinforced earth slope in the
cases of rainfall before earthquake, rainfall after earthquake,
and the coupling effect of earthquake-rainfall are obtained.
The strength reduction method is used to solve the safety
factor of the wrapped reinforced earth slope (see equations
(11) and (12)). According to the calculation of solving FOS in
the software, the safety factors of the three loading condi-
tions are obtained, as shown in Table 3.

CP=g (11)

trial

_itan ¢

trial

¢p = tan (12)

where ¢ denotes cohesion after reduction, ¢ denotes co-
hesion, ¢ denotes internal friction angle, ¢ denotes internal
friction angle after reduction, and F,,, denotes reduction
coefficient.

It can be seen from Table 3 that the safety factor of the
wrapped reinforced earth slope under the rainfall after
earthquake is 1.32. The safety factor of the wrapped rein-

forced earth slope under the rainfall before earthquake is
1.20, which is relatively low. The safety factor is 1.08 under

trial

TaBLE 3: Factors of safety under different working conditions.

Rainfall before
earthquake

Rainfall after
earthquake

Earthquake and
rainfall

Factors of

safety 1.32 1.20 1.08

the simultaneousness of earthquake and rainfall. It is in-
dicated that the wrapped reinforced earth slope is stable
under the three conditions, but the coupling effect of
earthquake and rainfall is the worst. It is in a critical state.

In the case of the coupling effect of the rainfall before
earthquake, it can be known from the previous numerical
simulation results that this coupling has a great influence on
the stability of the reinforced earth slope, mainly because the
rainfall will increase the volumetric weight of the reinforced
earth slope, and the shear stress of the slope will increase.
Applying seismic loads on this basis will further increase the
shear stress and reduce the stability of the reinforced earth
slope. The water content of rainfall infiltration increases on
the slope. The instantaneous pore pressure generated by the
seismic force and the pore pressure generated by seepage
flow are superimposed, and matric suction is reduced. The
strength and stability of reinforced earth slope will decrease
with the decrease of matrix suction.

Under the coupling effect of the rainfall after earth-
quake, the permeability of the reinforced earth slope
increases after the earthquake, and the earthquake will
also cause plastic deformation of the reinforced earth
slope and decrease its strength. After rainfall, the soil
structure becomes looser and the negative pore pressure
on the surface of the slope is larger. This will accelerate the
infiltration of rainfall into the slope, resulting in obvious
load-increasing effect, which will reduce the stability of
the reinforced earth slope.

Under the coupling effect of earthquake and rainfall, the
seismic action increases the crack of the reinforced earth
slope. The rainfall effect increases the volumetric weight of
the reinforced earth slope. Both of them accelerated the
failure of reinforced earth slope. According to the previous
numerical analysis, the influence of the rainfall before
earthquake is greater than the impact of the rainfall after
earthquake, but both are less than the simultaneousness of
earthquake and rainfall.

4. Conclusions

Through numerical analysis, the dynamic response and the
change of seepage field of the reinforced earth slope for the
cases of rainfall before earthquake, rainfall after earthquake,
and rainfall and earthquake are obtained. The conclusions
can be summarized as follows:

(1) Reinforced earth slope is unstable in the cases of
rainfall before earthquake and the simultaneousness
earthquake and rainfall. The stress state is gradually
transformed from compressive stress to tensile
stress, and the tensile stress increases under the
coupling effect of earthquake and rainfall.



10

(2) The peak tensile stress of the steel bar is the smallest
under the condition of an earthquake before rainfall.
With the increase of slope height, the tensile stress of
geogrid increases first and then decreases, and an
elliptical high-stress zone is formed in the section of
the slope.

(3) Under the coupling effect of rainfall before earth-
quake, the water content of rainfall infiltration in-
creases on the slope. The instantaneous pore pressure
generated by the seismic force and the pore pressure
generated by seepage flow are superimposed, and the
strength is reduced.

(4) In case of rainfall after earthquake, rainfall more
easily penetrated into the slope. Pore pressure de-
creases with the increase of surface soil moisture

(5) Although this paper has actively explored and
studied reinforced earth slopes and obtained some
valuable results for engineering practice, due to the
complexity of the factors affecting the mechanical
properties of reinforced earth slopes, the use of
backfill soil has not yet considered the layering of the
anisotropic soil layers of soil materials, and there will
be different soil materials in actual projects.
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